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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field electron emitting element having a high-stability, high-efficiency 
electron emission characteristic by using a material added with a prescribed element dominating the conductive 
pattern of silicon carbide to silicon carbide as an emitter. 

SOLUTION- When one of group III elements such as B, Al, Ga, In and group V elements such as N, P. As, Sb, Si 
is added as an impurity to silicon carbide, the diffusion coefficient is extremely lowered, the stability as a field 
electron emitting element is improved, and the voltage required for electron emission can be lowered. The 
homogeneity of the work function based on the difference in crystal polymorphism be plane direction can be 
improved the energy level of the added impurity is located in the conduction band of silicon carbide, and the 
current density emitted from an emitter is not affected by heat and light from the outside. The silicon carbide is 
manufactured by the vapor phase epitaxy method, and the impurity is added by thermal diffusion, ion 
implantation, or neutron beam radiation preferably at the additive concentration of 5-100ppm. 
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Japanese Unexamined Patent Publication 
No. 237565/ 1997 (TokuJcaihei 9-237565) 

A. Relevance of the Above-ide ntified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passag es of the Document 
[EMBODIMENTS] 

[0047] (Example 1) Figures 4 to 8 are diagrams each 
showing a step of producing a vertical field electron 
emitter of Example 1. 
(11 Forming an Emitter 

In a vacuum, a conductive film (41) having a thickness of 
l pm was adhered, at 1150°C, onto a quartz substrate 
(insulative substrate) (41) having a thickness of 1 mm. A 
single crystal silicon (Si) to which 3 x 10 19 /cm3 Q f b 
(boron) was added was used as an impurity of the 
conductive film (42). The conductive film (42) had a 
resistivity of 0.003Q-cm. A surface of the Si had a surface 
orientation of (111). A resist (43) with a thickness of 2 um 
was applied onto the conductive film (42). 
[0048] Thereafter, the resist was exposed, via a mask, 
by using lithography, and then developed to cut an outer 
edge portion of the resist. Then, the resist was used as a 
mask to cut an outer edge of the conductive film (42) by 
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performing reactive ion etching (RIE), thereby exposing an 
outer edge portion of the insulative substrate (41) (Figure 
4(b)). 

[0049] Thereafter, O2 plasma asher was performed to 
eliminate the resist on the conductive film (42). Then, a 
silicon carbide film (45) having a thickness of 3pm was 
formed, by using a CVD method under the condition of 
Table 2 below, on the conductive film (42) (Figure 4(c)). 
Concurrently with forming the silicon carbide film, 70 
ppm of N (nitrogen), which was to act as an emitter, was 
added by using 0.5 seem of NH3 as a doping gas. 
[0050] Then, the exposed portions from a top of the 
silicon carbide film to the insulative substrate were 
covered, by using a CVD method under the condition of 
Table 6, with a silicon nitride film (46) having a thickness 
of 1 urn. Thereafter, a resist film (47) having a thickness 
of 2 um was applied onto the silicon nitride film (46) 
(Figure 4(d)). 

[0051] Thereafter, exposure and development were 
performed, via a mask, by using a lithography to form a 
resist pattern in a shape of circular aperture. Then, RIE 
was performed, by using the resist pattern as a mask, on 
the silicon nitride film (46) and the silicon carbide film 
(45) (Figure 5(e)). 

[0052] Then, plasma etching (downflow etching) was 
performed thereon so that the silicon carbide (45), which 
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was to act as an emitter, became a gentle cone-shape, and 
that the resist was eliminated (Figure 5(f)). 
[0053] Thereafter, thermal oxidation was performed by 
using the remaining silicon nitride film as a mask, thereby 
sharpening a tip of the silicon carbide, which was to act 
as an emitter (Figure 5(g)). Then, silicon oxide etching was 
performed with the use of a HF solution to eliminate the 
silicon dioxide formed on an outer periphery of the emitter. 
Simultaneously, the silicon nitride film (46) was 
eliminated. Consequently, an emitter (45a) made of silicon 
carbide was formed (Figure 5(h)). The silicon carbide 
constituting the emitter (45a) was a cubic crystal or a 
hexagonal crystal. 
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